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Positive influence of a dental anesthesia simulation model on the perception 
of learning by Mexican dental students  
Authors:  C. López-Cabrera, E. J. Hernández-Rivas, T. Komabayashi, E. L. Galindo-
Reyes, D. Tallabs-López, B. I. Cerda-Cristerna 
 
ABSTRACT 
Introduction: This study evaluated the influence of 3-repetition training with a dental 
anesthesia simulation model (DASM) on the perception of learning by dental students. 
Materials and methods: Dental students who had never used a dental anesthesia 
technique were randomly divided into 2 groups that were taught the anterior superior 
alveolar nerve infiltrative anesthesia technique. Group 1 (G1, N=10) followed a 3-stage 
learning method: 1st) theoretical lecture, 2nd) clinical demonstration, and 3rd) DASM 
training, including 3 repetitions of the anesthesia technique. Group 2 (G2, N=10) followed 
only the 1st and 2nd stages. The students in both groups then performed the anesthesia 
technique. The perception of the students was evaluated by 4 learning concepts. Each was 
evaluated with a 5-point Likert Scale questionnaire. The average score of each item of the 
questionnaire for G1 was compared with that of G2. Statistically significant differences 
were identified with the Mann-Whitney test. The average working time of each group was 
timed and compared by Student’s t-test to identify possible statistically significant 
differences.  
Results: Students in G1 showed higher average scores of perception in controlling the 
handling of the dental syringe and confidence in performing the injection (p<0.05), and 
showed an average working time shorter than that of the students in G2 (p<0.05). 
Conclusion: The DASM positively influenced the perception learning of the dental 
students; it increased their confidence and syringe handling ability, as well as skills to 
perform the injection of anesthesia more quickly.  
Key words: dental anesthesia, dental education, phantom head, simulation, training 
model.  
 
INTRODUCTION 
Simulation model learning strategies have been applied in dental education for more than 
100 years (1). This learning system helps to develop students’ psychomotor skills before 
they perform a clinical intervention for the first time, to teach or improve students’ clinical 
manipulation skills, and to increase safety for patients being treated by inexperienced 
students or young clinicians. With this system, a student might practice a clinical procedure 
several times without performing an intervention on a patient (1,2). Simulation models have 
significantly influenced learning in several dental areas, including endodontics, 
periodontics, dental hygiene, and operative dentistry (1, 3, 4). 
Simulation models have received little attention in the field of dental anesthesia, even if 
those tools have been proven for the teaching of local anesthesia techniques in other 
biomedical areas (5-7); indeed, only a few dental schools have included dental anesthesia 
simulation models (DASM) in their curricula (8). The student-to-student administration 
model–in which a student administers an anesthetic injection to another student–is still the 
most common method for initial dental anesthesia practice; however, this method invokes 
ethical issues and causes anxiety for practitioners (9, 10). Dental students consider a 
simulation model to be useful practice before they inject a patient for the first time, and 
they have expressed agreement with the helpfulness of DASM after using it (9, 11, 12). 
However, some studies have reported that the benefit of DASM is unclear from a clinical 
point of view (13-15). Dental students who followed a learning protocol with DASM 
showed better theoretical knowledge on a knowledge acquisition assessment test (KAAT) 
than did students who did not follow the protocol, but when the KAAT evaluated clinical 
knowledge, the 2 groups obtained similar mean scores with no statistically significant 
differences (14). In addition, students reported being no more confident in their first-time 
administration of local anesthesia even after receiving previous training with a simulation 
model (13). Conversely, students trained with a DASM had a generally higher positive 
perception in terms of preparation and confidence when first administering local anesthesia; 
this perception was evaluated with a post-injection, 6-item questionnaire that was also 
given to untrained students (15). However, on only 1 of the items did those in the DASM-
trained group show a mean score with a statistically significant difference when compared 
with the mean score of those in the untrained group (15).  
For the benefits of DASM to be obtained, training protocols should first be explored to test 
its efficacy, and these protocols should be clearly described for best application. A major 
concern is that some studies have not detailed the training protocol; for instance, 
information such as the topics learned and the number of simulated injections has not been 
reported (13-15). In addition, studies have used simulators that produce an audible alarm if 
the dental needle comes into contact with a metal detector located at the anatomical 
puncture site, but these simulators are unsuitable for students practicing injections with an 
anesthetic solution, because the solution would damage the electrical system. Thus, from 
our point of view, the training might not involve a realistic, complete simulation of the 
anesthesia injection process.  
In this study, we explored a learning protocol to overcome the concerns described above. 
Moreover, to the best of our knowledge, no reports exist on the use of DASM in Mexican 
dental schools, and our faculty has recently acquired a DASM to be implemented in the 
dental curriculum. Accordingly, we aimed to evaluate the impact of a DASM composed of 
a simulation model fixed in a phantom head on the perception of 4 psychomotor skills 
among dental students performing a first-time administration of dental anesthesia.  
MATERIALS AND METHODS  
An ethics committee approved the study, and all participants signed the informed consent. 
Twenty healthy second-year students in the 5-year dental program of the Faculty of 
Dentistry of Río Blanco, University of Veracruz, participated. All participants had 
successfully completed the didactic/theoretical portion of a dental anesthesiology course, in 
which they learned theoretical topics on the physiology of pain as well as the pharmacology 
and instrumentation of dental anesthesia. They had never performed a dental anesthetic 
technique on a patient. All students included in the study reported no allergy to lidocaine, 
benzocaine, or any other compound in a dental anesthesia solution. The participants were 
randomly divided into 2 groups: Group 1 (G1) (n=10) and Group 2 (G2) (n=10).  
Three-stage learning protocol: I) theoretical lecture, II) clinical demonstration, and III) 
DASM training 
 
G1 and G2 followed a learning protocol (Table 1), and all instruction was provided by the 
professor of the dental anesthesia course (the corresponding author). Students in G1 
followed the first, second, and third stages (Table 1), while those in G2 followed the first 
and second stages. The protocol was designed for students learning the infiltrative 
anesthesia technique for the anterior superior alveolar nerve (IASAN) with anesthesia on 
tooth 8 (right maxillary central incisor) and tooth 7 (right maxillary lateral incisor) by 
means of a technique based on Malamed’s Handbook of Local Anesthesia (16). On the 
DASM stage, we used the typodont conduction anesthesia model (CAM, SUG2005-UL-SP, 
Nissin Dental Products, Nakagyo-ku, Kyoto, Japan) fixed in a phantom head (Nissin Dental 
Products) adapted to the back of a dental chair (Gnatus-México, Queretaro, Mexico) 
(Figure 1). When CAM was used, the electrical sensors were protected with silicone to 
avoid damage from the anesthetic solution; other electrical parts were protected with a 
disposable dental bib. The preclinical training in the DASM stage was performed with an 
aspirating syringe (M.A. Arain & Brothers, Sialkot, Pakistan), an anesthetic cartridge (2% 
lidocaine and 1:100,000 epinephrine, Zeyco, Guadalajara, Jalisco, Mexico), and a dental 
needle (25 mm, gauge 27; Septodont, France). These were new for every repetition of the 
injection (3 repetitions).  
 
Clinical practice  
Twenty-four hours after the G1 DASM stage and 24 hours after the G2 theoretical lecture, 
both groups performed the IASAN in a student-to-student method (operator-to-receptor). 
The G1 students performed the IASAN on the G2 students, with the IASAN performed 
first. Three hours after finishing this stage, G2 students performed the IASAN on G1 
students. The clinical practice was supervised by the professor in a clinical cubicle 
equipped with one dental chair. Before the anesthesia was administered, the sensitivity of 
each receptor’s teeth 7 and 8 was tested with a cold solution (Hygenic Endo-Ice, Coltène-
Whaledent, Cuyahoga Falls, OH, USA) 5 minutes after IASAN (17). The IASAN was 
considered a success if the receptor reported no sensitivity on the teeth in question. The  
Table 1. Three-stage learning protocol in group 1 and group 2 
Stage Topics G1 G2 
 
First stage: 
 
theoretical 
lecture 
 
(40 min) 
1. Anatomical considerations of the anterior 
superior alveolar nerve. 
2. Localization of the anatomical puncture site 
– level of apical third tooth 8 –and drying of 
the zone with a cotton tip.  
3. Application of topical anesthesia and 
recommended contact time (two min).  
4. Assembly of the anesthesia cartridge and 
dental needle on the aspirative dental 
syringe. 
5. Performing injection and recommended 
injection time (two min. per cartridge) 
6. Performing puncture and aspiration with the 
dental syringe. 
7. Re-capping the dental needle with the one-
handed scoop technique 
YES YES 
 
Second stage: 
 
clinical 
demonstration 
by a clinical 
professor 
(30 min) 
1. Anatomical considerations of the anterior 
superior alveolar nerve. 
2. Localization of the anatomical puncture site 
– level of apical third tooth 8 –and drying of 
the zone with a cotton tip.  
3. Application of topical anesthesia and 
recommended contact time (two min).  
4. Assembly of the anesthesia cartridge and 
dental needle on the aspirative dental 
syringe. 
5. Performing injection and recommended 
injection time (two min. per cartridge) 
6. Performing puncture and aspiration with the 
dental syringe. 
7. Re-capping the dental needle with the one-
handed scoop technique.  
 
YES YES 
 
Third stage: 
 
dental anesthesia 
simulation training 
3 repetitions  
 
(total time, 30 min) 
1. Anatomical considerations of the anterior 
superior alveolar nerve. 
2. Localization of the anatomical puncture site 
– level of apical third tooth 8 –and drying of 
the zone with a cotton tip.  
3. Application of topical anesthesia and 
recommended contact time (two min).  
4. Assembly of the anesthesia cartridge and 
dental needle on the aspirative dental 
syringe. 
5. Performing injection and recommended 
injection time (two min. per cartridge) 
6. Performing puncture and aspiration with the 
dental syringe. 
7. Re-capping the dental needle with the one-
handed scoop technique.  
 
YES NO 
G1: group 1, G2: group 2. 
 Fig. 1. The dental anaesthesia simulation model is adapted on the back 
of the dental chair (A). The puncture site is identified with an X (B). 
duration of each operator’s clinical practice was timed from the moment the anesthesia 
cartridge and dental needle were assembled on the dental syringe until the student re-
capped the dental needle. The average working time of each group was compared by 
Student’s t-test to identify statistically significant differences.  
 
Evaluation of the students’ perception of confidence  
The students’ perception of confidence in performing the technique was evaluated based on 
4 concepts: confidence in anatomical knowledge (CAN), confidence in performing the 
injection (CPI), confidence in managing the anesthesia technique (CMA), and confidence 
in controlling the hand for administering the anesthesia with a dental syringe (CCH). These 
concepts were explored in an 8-item questionnaire answered by the students in G1 and G2 
after performing the IASAN. The 4 concepts were paired with one item expressing a 
positive intention and one item expressing a negative intention. Thus, perception on CAN 
was expressed in items 1 and 5; perception on CPI was expressed in items 2 and 7; 
perception on CMA was expressed in items 3 and 6; and perception on CCH was expressed 
in items 4 and 8. The items were quantified with a 5-point Likert scale. For positive items, 
the possible answers and values were: totally disagree = 1, partially disagree = 2, don’t 
agree/don’t disagree = 3, partially agree = 4, and totally agree = 5. For negative items, the 
possible answers and values were: totally disagree = 5, partially disagree = 4, don’t 
agree/don’t disagree = 3, partially agree = 2, and totally agree = 1. The average score of 
each item from G1 students was compared with that of G2 students, to identify possible 
statistically significant differences with a Mann-Whitney test. All levels of significance 
were set at p<0.05. 
 
RESULTS 
The success of the infiltrative technique for the administration of anesthesia was 100% for 
the 2 groups. The average working time was 9:36 min ± 1:04 min and 15:12 min ± 2:03 
min for groups 1 and 2, respectively; the Student’s t-test showed statistically significant 
differences (p=0.03) between the results. Table 2 shows the average score obtained for each 
item of the questionnaire. Those in G1 showed higher average scores on the items 
exploring perception of confidence in performing the injection (items 2 and 7) as well as on 
the items exploring perception of the control of the hand (items 4 and 8). The average 
scores of these items showed statistically significant differences when compared between 
groups; however, no statistically significant differences were noted between the average 
scores for the items exploring the confidence in anatomical knowledge (items 1 and 5) and 
confidence in managing the anesthesia technique (items 3 and 6). 
DISCUSSION  
In this study, we evaluated dental students’ perception when learning with the IASAN 
compared with a traditional technique. In addition, the IASAN working time was recorded 
for each participant, and the participants’ success when using the IASAN was evaluated. 
Regarding the working time, students in G1 applied the IASAN in a shorter time than those 
in G2. A participant’s first time performing the IASAN required skills in manipulating the  
Table 2. Post-clinical questionnaire and mean scores of group 1 and 2, with 
items quantified on a five-point Likert scale 
 
dental syringe (such as assembling the syringe with the dental cartridge and dental needle) 
and in handling the dental syringe for aspiration and injection. Hence, training with a 
simulation might improve the participants’ technical-motor skills. A motor task might be 
completed in a shorter time by someone with higher skill, so a higher learning rate might 
correspond to a shorter time-scale (18). Other studies involving the administration of dental 
anesthesia did not investigate the impact of training on working time, nor did they evaluate 
whether the students with simulation-model training performed the anesthesia technique in 
a shorter time compared with the students without such training (13, 14). We measured the 
working time by recording time as a simple indicator (19), but more controlled methods 
should be explored in the future. The IASAN was 100% successful for the 2 groups. In our 
study, success was evaluated based only on the absence of tooth sensitivity; this is distinct 
from success in pulpal anesthesia as measured in clinical situations (20). The success rate 
Items 
 
G1 
Mean 
score 
G2 
Mean 
score 
p value 
 
1. I easily identify the maxillary zone where the anterior superior 
alveolar nerve runs. 
 4.40 4.20 0.2843 
2. I’m confident in doing the puncture and injection. 
     4.30 3.40 0.0188* 
3. It takes a long time to manage the superior alveolar nerve block. 
 2.90 2.70 0.3121 
4. My movements with the hand taking the syringe 
are controlled. 
     3.80 2.90 0.0485* 
5. Localizing the puncture site takes a long time. 
     4.10 3.90 0.4562 
6. I can do the superior alveolar nerve block again 
with no supervision. 
     3.70 3.80 0.4090 
7. I’m afraid of causing pain to the patient 
when I perform the injection.  
       3.10 2.00 0.0129* 
8. I use great effort to control my hand in the direction of the injection 
site.   
 4.10 3.20 0.0268* 
G1: group 1, G2: group 2. *:Statistically significant differences between mean scores.  
of the IASAN technique has been reported to be >95% (16), and our results were similar, 
even though the students were performing the technique for the first time. The high success 
rate might be because IASAN is a technique with none of the anatomical or technical 
challenges faced in other techniques, such as inferior alveolar nerve blocking (IANB) (21).  
Dental students’ perception of their learning on the IASAN was investigated with a post-
intervention written test using a 5-point Likert scale; others have used a similar tool to 
evaluate the impact of simulation-based dental anesthesia learning (9, 13, 14). The 
questionnaire was designed to explore 4 perceptions. The results showed that the students 
in G1 and G2 had similar perceptions of their anatomical knowledge (items 1 and 5). This 
perception concept involves theoretical knowledge that the participants reviewed several 
times; for instance, maxillary and anterior superior alveolar nerve anatomy was learned in a 
first-year course, and it was reviewed in stages 1 and 2. In addition, the puncture site at the 
apical third level of tooth 8 is easily located with visual exploration and manual palpation 
(16). Consequently, the 2 groups were easily able to identify the puncture site. For the 
perception of IASAN management (items 3 and 6), the 2 groups showed similar average 
scores. This was possibly–as already mentioned–because the students faced no anatomical 
or technical challenges in the application of the IASAN. The groups’ perceived confidence 
levels in performing the injection were distinct: those in G1 showed a higher average score 
than those in G2 on items 2 and 7. Despite the fact that this is a common procedure, the 
administration of dental anesthesia is an action that can cause distress. Simon et al. reported 
that 18.8% of a group of dentists (n=711) reported feeling distress when administering 
injections of anesthesia (22). Also, Chandrasekaran et al. observed anxiety in dental 
students performing a dental anesthesia technique for the first time (8). It is known, 
however, that practical courses and identification of equipment and techniques might 
increase confidence and decrease the risk of anxiety (8, 23), as we noted in our results. G1 
students also showed a higher average perception of hand control (items 4 and 8). Thus, in 
this study, the simulation-based local anesthesia teaching strategy affected participants’ 
perceptions of their technical skills. Motor-technical skills are gained in 3 stages: cognitive, 
integrative, and autonomous. In the cognitive stage, the student reflects on the theoretical 
bases of a procedure along with its steps and required technical skills (stages 1 and 2 of our 
training protocol); in the integrative stage, the student implements the procedure with 
tutorial support (stage 3 in our study: the simulation-based learning intervention); and in the 
autonomous stage, the student practices performing the procedure to learn skills (24). This 
evolving system occurred only for the G1 students, which might influence their perceptions 
of their technical skills. The preclinical use of a simulation model in local anesthesia 
teaching might support the 3-stage development of technical skills.  
Other studies have evaluated simulation-based dental anesthesia interventions. Brand et al. 
observed that a simulation-based local anesthesia teaching strategy did not affect second-
year dental students’ opinions after performing their first dental anesthesia injections; the 
simulation-trained students and simulation-untrained students showed similar perceptions 
regarding their experience in administering IANB, according to a post-intervention written 
test (with a 5-point Likert scale) (13). Our results disagree with those observations; in our 
study, we observed that training with the simulation affected the participants’ perceptions. 
However, notable differences existed between our study and the other study; Brand et al. 
gave a theoretical lecture but did not describe the clinical demonstration or the simulation-
preclinical training model. For instance, no information was given about the number of 
IANB repetitions or the duration of the training (13). However, those authors reported that 
the individuals receiving the IANB felt more comfortable receiving an injection from the 
students trained in administering anesthesia, a result ascribed to the use of the simulation-
training model (13). Another study that used a simulation-based dental anesthesia 
intervention, by Marei et al., evaluated the acquisition of theoretical and clinical knowledge 
by 3rd-year dental students who were trained or untrained with a DASM (14). One group of 
participants received instruction in a classroom with digital-visual media, and the other 
group received instruction in a simulation laboratory with electrical phantoms that activated 
a sound alarm when a dental needle targeted the correct puncture site. Four techniques were 
practiced, but neither the processes nor the number of repetitions was mentioned. The 2 
groups completed a KAAT with a theoretical knowledge section and a clinical knowledge 
section, and no clinical injection was performed. The simulation-trained student showed a 
higher mean rank in both theoretical knowledge and clinical knowledge, but the differences 
were statistically significant only for the theoretical knowledge (14). A lack of clinical 
practice might influence the learning process, and if a simulation-based local anesthesia 
teaching strategy was applied, one would expect that learning would be reinforced.  
Simulation has been largely used in dental teaching, but little information exists about 
simulation for instruction on the administration of dental anesthesia; to date, it is unclear 
whether simulation is effective for students learning this subject. Effective protocols for 
dental anesthesia are needed to integrate and support the use of simulation systems in dental 
curricula. Our study overcame other studies’ lack of information by listing the learning 
protocol and using repetitions of simulated injections in the model training, and the results 
showed that our simulation-based local anesthesia teaching strategy affected the 
perceptions of dental students. However, there were limitations. The study’s small sample 
size might be questioned, since studies exploring simulation-based educational 
interventions have commonly involved a limited number of participants in trained and 
untrained groups, with a participant number of 8 through 13 being common (19, 25, 26). 
Recently Lee et al. evaluated the effect of DASM on clinical learning by dental students. 
They included 30 participants in both the experimental and control groups, but even with 
that number of individuals, the DASM showed an unclear effect on the students’ clinical 
learning (15). Another limitation of our study is that the impact of simulation on anesthesia 
success could be better tested with more complex techniques, since the IASAN is an easy 
technique relative to IANB and others used in simulation-model training. Our questionnaire 
could have used a larger item list to measure other perceptions, a point that should be 
considered for future studies.  
CONCLUSIONS 
Students trained with a simulation model for the administration of dental anesthesia showed 
higher values for perceived confidence in performing an injection and perceived hand 
control when compared with students without training. The DASM increased the value for 
perceived confidence in the performance of local dental anesthesia injections and for 
perceived handling of dental syringes. The students with training also performed the 
IASAN in a shorter time, although both groups had a 100% anesthesia success rate.  
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